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Key Topics

* Industrial energy use &
GHG emissions

* Decarbonization
strategies & pillars

* Roadmaps
* Pursuing opportunities
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Decarbonization Strategies & Pillars
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Process Heat

60% of GHGs are
associated with
heating

another 3% with
cooling

Process heat is a
cross-cutting
opportunity
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Energy Efficiency (EE) Energy Substitution (ES) Low-Carbon Fuels & Mitigation Options,
Feedstocks (LCFF) including, Carbon
Capture Utilization &
Storage (CCUS)
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Technology Roadmap

Energy and GHG Reductions in the
Chemical Industry via Catalytic Processes

(jea ' DESE" [T DECHEMA

ICCA, IEA, Dechema. 2013 E3, LBNL, PNNL, 2014 NAS, 2021



W Near Zero GHG Scenario Remaining Emisisons CO2 Reduction by Energy Efficiency
CO2 Reduction by Electrification & Low carbon fuels © CO2 Reduction by CCUS

500
450
400
350
300
250
200
150
100
50

CO, Emissions (MtCO.)

2015 2030 2040 2050

Source: Cresko, 2020



2020 2025 2030 2040 2050
P T
Reuse CO, trunk lines Pipeline Hard to abate addressed
slipstreams CO, reuse trials expansion Pipeline expansion
‘3 integration |CO, storage depots \CO, bioconversion Green H,
O : Metrics/ protocols Scale dominates_-jnterface
O | Economics /P New chem. w R-H, — Near zero

Strategie

Connections DAC waste

@ cluste R-H, iron/steel Blue - Green H,

Scale

“~ Transformative

process scale- EE/ transformative
up technology

R-H, Ammonia @ scale

Energy/ thermal

Alternative feedstocks

K% storage & recovery Maximize use

(b . .

o | Trials @ clusters Storage Inno.vatlve separa‘tlons Lower embodied carbon

g R-H, for process heat Electrochem;z;rl}'n;oi:sl'\ueen:caIs Polymers @ scale from recycle

'g R-H, blending & Iron ore electrolysis Knowledge manag:menft ;

QO hieher % : Reduce food waste

> |.. = Trials @ c!usters HT heat pumps “\aterials efficiency LCA

E Biofuels Electrolyzer efficiency |ntermittent power” smart manufacturing  CHP SEM
Process Heat Portfolio  Non-contact heating ~ System efficiency Innovative chemistry

Electrification Energy Efficiency

Source: Cresko, 2020



Pursuing Opportunities

Barriers & Opportunities

Industrial heterogeneity
Incumbent technology & practices
High technology costs

Low current energy costs

Scale-up

Key Innovation Areas

Smart manufacturing
Innovative Separations
Electrolyzer efficiency
Thermal, electrical storage

Systems efficiency



Atom
Economy

* The carbon discontinuity is an
opportunity for process redesign.
Step-reductions in;

e carbon intensity
* waste
* Impacts (air, land, water...)

* Green chemistry & engineering
* Circular economy

* New routes to chemicals, design
for recycling, electrochemistry...
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Feedstocks Ancillaries
Energy
Efficiency



Call to Action

 Roadmaps describe the opportunity

* New white spaces for innovation

* The vision is less clear further out

Image source: Change Factory

* Time to pursue transformative
change

Image source: Drew Beamer, Upsplash
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